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A human monoclonal antibody neutralizes diverse 
HIV-1 isolates by binding a critical gp41 epitope 
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Contributed by Peter S. Kim, August 12, 2005 

HIV-1 entry into cells is mediated by the envelope glycoprotein 
receptor-binding (gp120) and membrane fusion-promoting (gp41) 
subunits. The gp41 heptad repeat 1 (HR1) domain is the molecular 
target of the fusion-inhibitor drug enfuvirtide (T20). The HR1 
sequence is highly conserved and therefore considered an attrac- 
tive target for vaccine development but it is unknown whether 
antibodies can access HR1. Herein, we use gp41-based peptides to 
select a human antibody, 5H/M-BMV-D5 (D5), that binds to HR1 
and inhibits the assembly of fusion intermediates in vitro. 05 
inhibits the replication of diverse HIV-1 clinical isolates and there- 
fore represents a previously unknown example of a crossneutral- 
izing IgG selected by binding to designed antigens. NMR studies 
and functional analyses map the DS-binding site to a previously 
identified hydrophobic pocket situated in the HR1 groove. This 
hydrophobic pocket was proposed as a drug target and subse- 
quently identified as a common binding site for peptide and 
peptidomimetic fusion inhibitors. The finding that the D5 fusion- 
inhibitory antibody shares the same binding site suggests that the 
hydrophobic pocket is a "hot spot" for fusion inhibition and an 
ideal target on which to focus a vaccine-elicited antibody response. 
Our data provide a structural framework for the design of new 
immunogens and therapeutic antibodies with crossneutralizing 
potential. 

envelope | fusion | prehairpin | vaccine 

HIV and other enveloped viruses enter host cells by promoting 
fusion of the viral membrane with a host cell plasma or 
endosomal membrane., thus delivering the viral core into the host 
cell cytoplasm. For HT V, the viral envelope glycoprotein that drives 
membrane fusion is composed of a trimer of gp!20:gp41 het- 
erodimers. Binding of gp!20 to CD4 and a coreceptor initiates a 
series of conformational changes in gp41 , exposing the prehairpin 
intermediate and culminating in formation of a six-helical bundle, 
or trimer-of-hairpins, conformation (1) (Fig. \A). The six-helical 
bundle is formed from three gp41 protomers, each of which 
contributes one heptad repeat (HR) 1 (HR1) segment and one 
HR2 segment. Three HR1 segments form a three-stranded coiled- 
coil, and three HR2 segments pack around the HR1 core in an 
antiparallel orientation (2-4). Formation of the six-helical bundle 
is critical for driving membrane fusion (5). 

Extensive amino acid sequence variability and a continuously 
shifting antigenic surface of the HIV-1 glycoprotein (6-8) present 
formidable challenges to the development of effective humoral 
immunity. However, the sequences of the HR1 and HR2 regions 
are significantly less variable, probably because they are a critical 
driver of viral membrane fusion and are exposed only transiently 
during this process. Despite their transient exposure, HR1 and HR2 
can be accessed by small proteins and peptides that bind the 
prehairpin intermediate and disrupt fusion by preventing subse- 

www.pnas.org/cgi/doi/10.1073/pnas.0506927102 



quent folding into a six-helical bundle. Examples of such inhibitors 
include cyclic D-peptides that bind to HR1 (9) and synthetic 
peptides [e.g., IQN17 (10)] and designed proteins [e.g., five-helix, 
hereafter referred to as 5H (11)] that bind to HR2. Importantly, the 
prehairpin intermediate is a clinically validated target for the 
antiretroviral drug enfuvirtide (T20, DP-178) (12), a 36-aa synthetic 
peptide that binds to HR1 and inhibits HIV entry. 

To test the possibility that antibodies directed to the prehairpin 
intermediate could also block HIV infection, we have used syn- 
thetic peptides and proteins as immunogens to select human 
monoclonal antibodies specifically targeted to HR1 in vitro. Here, 
we provide proof of concept that a human monoclonal antibody 
directed at these conserved structures can block HIV-1 infection 
and characterize this antibody^antigen interaction to define an 
epitope in HIV-1 gp41 with the potential for eliciting broadly 
neutralizing antibodies. 

Materials and Methods 

Peptides and Proteins. T20, C34, the severe acute respiratory syn- 
drome (SARS) coronavirus (CoV) N3/N6 control peptide (13), 
1ZN36, IQN17, IZN17, and the Ala-scan mutants were produced 
by standard Fmoc solid-phase methods (14). 5H was expressed and 
purified by a published procedure (11) modified as described in 
Supporting Text, which is published as supporting information on 
the PNAS web site. 

In Vitro Isolation of 5H/I1-BMV-D5 (D5) Single-Chain Variable Region 
Fragment (scFv). The selection strategy designed to isolate cross- 
specific scFvs from large naive scFv libraries (Fig. 6, which is 
published as supporting information on the PNAS web site) was 
based upon methods described (15). Phage supernatants were 
screened by bacteriophage ELISA as described (16, 17), where the 
biotinylated forms of 5H and IZN36 were immobilized onto 96-well 
ABGene, Surrey, U.K., streptavidin plates. For viral neutralization 
assays, immobilized metal ion affinity chromatography-purified 
soluble scFv fragments were prepared by using standard methods 
(18). 



Abbreviations: HRn, heptad repeat n; 5H, five-helix; scFv, single-chain variable region 
fragment; HIVRP, HIV reporter particle; D5, 5H/I1-BMV-D5; T20, enfuvirtide. 
*To whom correspondence may be addressed. E-mail: michael_miller1@merck.com or 
peter_kim@merck.com. 

*AII authors are current or former employees and stockholders of Merck & Co., Inc., or 
Cambridge Antibody Technology, and the research described herein was funded by these 
two companies. 

^Present address: Gilead Sciences, Inc., Foster City, CA 94404. 

T1 Present address: University of Utah, Salt Lake City, UT 84132. 

"Present address: International AIDS Vaccine Initiative, New York, NY 10038. 

© 2005 by The National Academy of Sciences of the USA 
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Fig. 1. Working model of HIV entry pathway and gp41 conformational intermediates. (A) Schematic diagram of gp41 function during HIV entry, adapted from 
Chan and Kim (1). The gp41 HR1 and HR2 regions are depicted in magenta and green, respectively. (B) Schematic diagrams of the synthetic gp41 HR1 mimetics 
I2N36, 5H, and six-helix. The HR1 and HR2 regions are colored as in A. Synthetic linker sequences in 5H and six-helix are shown in black, and the synthetic IZ leucine 
zipper is shown in orange. 



Antiviral Assays. IMAC-purified scFvs were tested in the HIV 
reporter particle (HIVRP) assay essentially as described (19). 
Measurement of HIV infection of p4-2/R5 cells by using a chemi- 
luminescenl j3-galactosidase substrate was done as described (20), 
BaL and HXB2 were purchased from Advanced Biotechnologies 
(Columbia, MD); 89.6 was grown in peripheral blood mononuclear 
cells, and vesicular stomatitis virus-G-pseudotyped HIV was made 
by transfection as described (21). The luciferase-based pseudotyped 
viral neutralization assay was done as described (7). In brief, 
envelope genes were amplified by PCR, cloned into an expression 
vector, and cotransfected with a proviral plasmid to generate 
pseudotyped luciferase-encoding viruses. Viruses were used to 
infect U87/CD4/CXCR4/CCR5 cells in the presence of varying 
amounts of inhibitors. Lucif erase production was measured 72 h 
after infection and IC50S calculated as described (7). 

AlphaScreen-Based Peptide/D5 Interaction Assays. An AlphaScreen 
detection kit (PerkinElmer) was used to measure binding. Biotin- 
ylated peptides (5H, IZN36, IZN17, or IQN17) were bound to 
strept avid in-conjugated donor beads, and D5 IgG was bound to 
Protein A-conjugated acceptor beads. Beads were mixed in the 
presence or absence of competitors, incubated overnight at room 
temperature, and analyzed on a Fusion a-FP HT instrument 
(Perkin-Elmer), as suggested by the manufacturer. Six-helical bun- 
dle formation was measured by using the peptide C34-HA (22). 
Serial dilutions of inhibitors ,(D5-IgGl, C34, C34AAA, and 2F5) 
were preincubated with biotinylated 5H (final concentration, 10 
nM) for 40 min at room temperature, then C34-HA was added to 
a final concentration of 3.3 nM along with AlphaScreen beads for 
detection of HA-tagged proteins (Amersham Pharmacia) and read 
on the Fusion instrument. 

Results 

In Vitro Selection of a Human HIV-Neutralizing Antibody. We selected 
human-derived scFvs from phage display libraries by binding to 
IZN36 and 5H, antigens designed to mimic HR1 as it may exist in 
the prehairpin intermediate (Fig. 1). IZN36 is a homotrimeric 
peptide in which 36 amino acids of HR1 are fused to a stable 
coiled-coil peptide (IZ) to yield a soluble discrete trimeric form of 
the HR1 three-stranded coiled-coil in the absence of HR2 (10). In 
5H, the three-stranded HR1 core is associated with two bound HR2 
peptides, presenting a single binding site for HR2 (11). 

As a source of antibodies, we used large diverse well character- 
ized libraries of bacteriophage bearing scFvs derived from normal 



human B cells (15). From a starting population of **10 n indepen- 
dent scFv-displaying bacteriophage, a total of 481 target-specific 
scFvs were obtained after two rounds of sequential selection for 
binding to biotinylated forms of 5H and IZN36 (schematic shown 
in Fig. 6). Nucleotide sequencing identified 100 unique sequences 
within this population of 481 scFvs. 

Using the HIVRP assay (19), we screened purified scFvs pro- 
duced from 5H/IZN36-binding bacteriophage and identified an 
scFv that blocks HIV entry. The HIVRP assay relies on incorpo- 
ration of j3-lactamase into infectious HIV particles so that fusion of 
the viral and cellular membranes delivers /^-lactamase into the 
target cell, where it is detected by using a cell-permeant fluorescent 
^-lactamase substrate. This assay is particularly well suited to 
screening scFvs, which are inherently less durable than IgGs, 
because it requires only a 3- to 4-h 37°C incubation of viral particles 
with cells to allow viral entry. 

One scFv, designated 5H/I1-BMV-D5 (hereafter referred to as 
D5), specifically inhibited the HIVRP assay in a dose-dependent 
manner (Fig. 24). The HIVRP assay was inhibited by the anti- 
gpl20 scFv X5 (Fig. 2A) but not by the fluorescein-specific scFv 
COLIN (data not shown), thus confirming the specificity. The D5 
scFv also blocked HIV infection in a single-cycle infectivity assay 
(20) (Fig. IB), indicating that D5 can inhibit HIV entry in multiple 
assay formats. 

Previous reports found that the HI V-neutralizing activity of the 
X5 scFv was dramatically reduced upon conversion to an IgG, 
presumably because the larger IgG could not gain access to its 
binding site (23). Unlike X5, the human IgGl form of D5 retained 
antiviral activity against HIV in both the HIVRP (Fig. 2,4) and a 
single-cycle infectivity (Fig. 2B) assay with potency similar to the 
scFv (for infectivity assay, scFv IC50 = 240 nM, IgGl IC50 = 260 
nM). However, in the infectivity assay, the inhibition curves by the 
monovalent scFv reproducibly display a Hill slope of «*2, whereas 
the bivalent IgGl reproducibly displays a Hill slope of «1 (note 
differences in curve shape in Fig. 2). The reason for this difference 
is unknown but may be related to differences in binding valence or 
molecular size. 

Broader testing of additional HIV isolates in the same single- 
cycle infectivity assay showed that D5-IgGl also neutralized the 
laboratory isolates NL4-3 and MN-1 along with the primary isolates 
BaL (R5) and 89.6 (X4/R5)(Table 1). These findings distinguish 
the neutralization activity of D5-IgGl from that of X5-lgGl, which 
showed poor activity against isolates other than HXB2 (23). Im- 
portantly, D5-IgGl did not block infectivity of HIV pseudotyped 
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Fig. 2. Antiviral activity of D5. (A) OS scFv and IgGI inhibit HIV entry in the 
HIVRP assay. The blue/green fluorescence ratio is proportional to virus entry. 
X5 scFv is shown as a control. (B) D5 scFv and lgG1 inhibit HIV infectivity in a 
single-cycle infection assay. X5 scFv is shown as a control. 
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Fig. 3. 05 binds the hydrophobic pocket and inhibits gp41 six-helical bundle 
formation in vitro. (A) The pocket-binding cyclic o-peptide D10-p5-2K (closed 
squares) or the control peptide C1 1 (closed triangles) were tested as compet- 
itors in a biotin-5H/D5-lgG1-binding assay. (5) D5-lgG1, 2F5, C34, and C34AAA 
were tested as competitors in a biotin-5H/C34-HA-binding assay. 



with the vesicular stomatitis virus-G protein (Table 1), supporting 
the conclusion that the antiviral target of D5-IgGl is the HIV 
envelope glycoprotein. 

D5 Binds in a Highly Conserved gp41 HR1 Hydrophobic Pocket Critical 
for Six-Helical Bundle Formation. Initial mapping by AlphaScreen 
and surface plasmon resonance-binding assays identified the gp41 
target of D5-IgGl as the C-terminal half of the HR1 segment. As 
expected, D5-IgGl bound to biotinylated forms of 5H and IZN36, 
the peptides used to select this antibody (data not shown). D5-IgGl 
also bound peptides IZN17 and IQN17, which contain only the 
C-terminal 17 amino acids of the HR1 segment fused to different 
trimerization domains (Table 3, which is published as supporting 
information on the PNAS web site) but did not bind to peptides 
representing the SARS-CoV S protein HR1 segment (13) (data not 
shown). Surface plasmon resonance analysis showed that D5-IgGl 
binds 5H, IZN36, and IZN17 with approximately the same affinity 

Table 1. Antiviral activity of D5 

Viral envelope D5 lgG1 IC 50 , ^g/m\ D5 lgG1 IC 50 , nM 



Hxb2 

BaL 

89.6 

MN-1 

N14-3 

VSVG 



46.5 
14 
262 
59 
34 

Not active 



310 (n = 6) 
93 (n = 4) 
1750 (n = 2) 
393 (n - 4) 
226 (n = 1) 
Not active 



Experiments were performed as described in the legend to Fig. 4. IC50S 
represent the average of the indicated number of determinations (n = x). 



(K4 = 0.26, 0.17, and 0.1 nM, respectively). Collectively, these 
findings indicate the D5 epitope resides in the C-terminal (N17) half 
of HR1. 

In the trimer-of-hairpins (postfusion) gp41 structure (3), the 
HR1 N17 region includes a deep cavity, known as the hydrophobic 
pocket, which provides an important set of contacts for the cognate 
HR2 and was proposed to be a potential drug target for HIV-1 
fusion inhibitors (9, 24). To test whether this hydrophobic pocket is 
involved in D5 binding, we used a specific pocket-binding cyclic 
D-peptide, D10-p5-2K (9), as a probe. D10-p5-2K blocked the 
binding of D5-IgGl to 5H, whereas a nonbinding linear control 
peptide (Cll) did not block D5-Ig'Gl binding to 5H (Fig. 3/1). This 
finding indicates that the D5 antibody epitope overlaps the HR1 
hydrophobic pocket. 

Based on the binding data, we hypothesized that D5 inhibits HIV 
entry by binding to gp41 and preventing six-helical bundle forma- 
tion in a manner analogous to T20. To test this hypothesis, we 
devised a homogeneous binding assay that measures binding of an 
epitope -tagged HR2 peptide (C34-HA) to a biotinylated form of 
5H. Inhibitors of six-helical bundle formation should block binding 
of C34-HA to 5H, and indeed untagged C34 blocked binding in a 
dose-dependent manner. Neither a mutant C34 peptide 
(C34AAA) in which three critical amino acids (W628, W631, and 
1635) (24) were changed to alanine nor a SARS-CoV-derived HR2 
peptide with similar size and isoelectric point were effective inhib- 
itors, confirming the specificity of competition (Fig. 3B and data not 
shown). D5-IgGl blocked six-helix bundle assembly with IC50 1 
nM, but the human IgGI 2F5, which binds to an epitope on gp41 
not present in either 5H or C34-HA, did not inhibit at 100-fold 
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Fig. 4. Mapping the D5 epitope. (A) Results of IZN17 alanine-scanning 
mutagenesis are summarized in a coiled-coil helical wheel representation of 
IZN17. Residues forming the hydrophobic pocket (3) are boxed; shading 
indicates the effect of alanine substitution on D5-lgG1 binding: white, mu- 
tant WT; gray, mutant < WT; black, mutant « WT (Table 4). (B) Comparison 
of binding surfaces on 5H occupied by D5 (Left), GCN4-gp41/C7Mn34Mn42 
[Center, Protein Data Bank (PDB) ID code 1FAV] (33), and IQN17/D10-p1 
(Right, PDB ID code 1C2Q) (9). The D5 surface was modeled based on binding 
and NMR data, with side chains positioned as in the uncomplexed 5H. NMR 
showed that the L568, W571, and G572 residues contacted by D5 are located 
on N3. We have modeled the K574 contact residue on N1, although NMR could 
not distinguish whether this K574 is on N1 or N3. 



higher concentrations (Fig. 35). These results support a model in 
which D5-IgGl inhibits HIV entry by preventing six-helical bundle 
formation in a manner analogous to HR2 peptides such as C34 
and T20. 

To identify the amino acids of the hydrophobic pocket that form 
the D5 epitope, a series of IZN1.7 mutant peptides was tested for 
the ability to block D5-IgGl binding to biotinylated IQN17. Each 
amino acid in IZN17 except the heptad repeat a and d positions, 
which form the trimerization interface (Fig. 44), was mutated to 
alanine (Table 3). CD studies showed that all mutant peptides were 
fully helical and had T m >90°C (data not shown) and T m similar to 
IZN17 when tested in 2 M guanidine hydrochloride (Table 4, which 
is published as supporting information on the PNAS web site). 
Thus, any reduction in inhibitory potency resulting from alanine 
substitution could be safely interpreted as a loss of antibody binding. 

When tested as competitors of IQN17/D5-IgGl binding, pep- 
tides with alanine substitutions at positions L568, W571, and K574 
were completely ineffective (IC50 > 1,000 nM), indicating that these 
three residues are critical components of the D5 epitope (Fig. 4/1, 
Table 4). The V570A mutant competed for D5 binding less 
effectively than wild-type TZN17, suggesting that this residue may 
represent an additional, minor contact point for D5-IgGl. As 
expected, the critical residues for D5 binding are all located in the 
hydrophobic pocket (Fig. 4A) (3). Accordingly, mutant G572D, 
which positions an Asp residue in the bottom of the hydrophobic 
pocket, was also inactive. 

We used NMR spectroscopy to determine whether all of the 
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Fig. 5. Amino acid changes in gp41 HR1 confer resistance to D5-lgG1. Amino 
acid residues L568 and K574 in gp41 were changed to alanine in the proviral 
clone R8.HX82 and virus stocks were produced by transfection. The antiviral 
potencies of the indicated entry inhibitors against wild-type and mutant 
viruses were assessed by using a single-cycle infection assay. Fold-change IC50 
referstothe IC50 of the test virus divided by the IC50 of the wild-type virus; fold 
change > 1 indicates resistance, fold change < 1 indicates hypersensitivity. 



contact residues map to one or more N helices. Having assigned the 
relevant resonances of isolated 5H (MM, F. Talamo, L. Orsatti, 
and G. B., unpublished work), we monitored those residues whose 
chemical shift changed upon addition of D5-IgGl (Figs. 7-9, which 
are published as supporting information on the PNAS web site). 
The magnitude of the observed changes was small but sufficient to 
allow unambiguous definition of an asymmetric interaction surface 
composed of residues 1573 and V570 on helix Nl, and residues 
L568, G572, and W571 on helix N3. A smaller chemical-shift change 
was observed for N3-L565, likely due to propagation of the per- 
turbation rather than to a direct interaction based on L565A- 
binding data (Table 4). Because our analysis was limited to chemical 
shifts of amide, aromatic, and methyl groups, which could be 
unequivocally assigned, the contribution of K574 to binding could 
not be confirmed by NMR. Nevertheless, NMR defined the D5 
interaction surface as a conformational epitope overlapping the 
hydrophobic pocket, (Fig. AB). 

The Amino Acids Critical for D5 Binding Are Highly Conserved Among 
HIV Isolates. Using the Los Alamos National Laboratory HIV 
sequence database (25), we extracted all sequences spanning the 
N17 region but removed any sequences with errors, insertions, or 
deletions, leaving 5,326 sequences in total. Only 4.9% (259 of 5,326) 
of these sequences varied at one or more of the four residues (L568, 
V570, W571, or K574) implicated in D5 binding. Most (216 of 259 
sequences, 83%) of these variant sequences had the dominant 
substitution K574R, 98% of which were from group O isolates 
(Table 5, which is published as supporting information on the PNAS 
web site). These observations show that the D5 epitope is highly 
conserved in HIV-1 and suggest that the D5 antibody may have a 
broad neutralization profile across HIV-1 group M viruses. 

The gp41 HR1 Hydrophobic Pocket Is the Target of D5 Antiviral 
Activity. To confirm that D5-IgGl blocks HIV infection by binding 
to the gp41 HR1 region, we changed each D5-binding residue to 
alanine in an infectious proviral clone. Although L568 and K574 are 
nearly invariant, viruses with an alanine substitution at either 
residue were viable, albeit with reduced specific infectivity in a 
single-cycle assay (data not shown). Viruses with substitution of 
W571 were essentially noninfectious. 

Viruses containing substitutions at either L568 or K574 were 
resistant to D5-IgGl: L56SA and K574A conferred ~19- and 

11-fold resistance, respectively (Fig. 5). However, these mutants 
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Table 2. D5 neutralizes diverse HIV isolates 
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Five entry inhibitors (C34, T20, lgG1b12, 2F5, and D5-lgG1) were titrated in 
the ViroLogic PhenoSense Entry assay by using HIV test viruses pseudotyped 
with the indicated envelopes. IC so s are shown; ICso > -vindicates thatthere was 
<50% inhibition at x nM, the highest concentration tested. 
N/A, not applicable. 



were not globally resistant to entry inhibitors, because they were as 
sensitive as wild-type virus to neutralizing antibodies IgGlbl2, 
2G12, and 2F5, and both mutants were somewhat sensitized to two 
inhibitors of six-helical bundle formation, 5H and T20. Because T20 
potency is sensitive to fusion kinetics (26), these results rule out the 
trivial possibility that the L568A and K574A mutations simply 
confer D5-IgGl resistance by accelerating fusion kinetics. Rather, 
these findings constitute additional evidence that the gp41 HR1 
hydrophobic pocket is the antiviral target of D5-IgGl. 

D5-lgG1 Neutralizes Diverse HIV Isolates. The high sequence conser- 
vation of the D5 epitope suggests that D5 might be able to 
neutralize a broad array of HIV isolates. When tested in a com- 
mercial assay for neutralizing antibodies (ViroLogic, South San 
Francisco, CA), D5-IgG 1 blocked infection of diverse HI V isolates 
but did not neutralize HIV pseudotyped with the amphotrophic 
murine leukemia virus envelope (Table 2). In this analysis, D5-IgGl 
neutralized 9 of 19 viruses tested. We note that the BaL envelope 
used in this assay was insensitive to D5 inhibition, whereas the BaL 
stock used in our single-cycle infectivity assay (Table 1) was 
sensitive; the reason for this discrepancy is unknown but may be 
related to different origins of the BaL stocks or different assay 
protocols. Sensitive viruses included examples from subtypes B, C, 
and F, as well as CRFs AE and BF. D5-IgG potency against various 
HIV isolates varied considerably (Tables 1 and 2). In principle, 
potency differences could arise from differences in the D5 epitope 
sequences. However, that cannot be the only explanation for 
differential sensitivity, as the HR1 sequences of MN (D5-IgGl 
IC 5n = 393 nM) and 89.6 (D5-IgGl IC 50 = 1,750 nM) are identical 
(Table 1; sequence data not shown). This is likely an example of 
indirect resistance, which can occur for a variety of reasons such as 
differences in coreceptor affinity and fusion kinetics (26). In 
comparison, the well characterized broadly neutralizing antibodies 
IgGIbl2 and 2F5 neutralized 11/19 and 14/19 isolates, respec- 
tively. IgGlbl2 and 2F5 are much more potent than D5-IgGl 
(Table 2). However, D5-IgGl neutralized isolates that were not 
neutralized by IgGlbl2 (e.g., isolate 93BR029) or 2F5 (e.g., isolate 
21068) at the highest concentrations tested. Overall, the range of 



isolates neutralized by D5-IgGl, albeit with lower potency, exceeds 
that of type-specific antibodies and approaches the range of isolates 
inhibited by the "broadly neutralizing" antibodies 2F5 and IgGlbl2. 

Discussion 

The suggestion that gp41 may undergo a major conformational 
change in a manner analogous to the influenza fusion protein (2, 
27) and the first x-ray structures of gp41 (3, 4) together suggested 
a model for gp41 function (1). This model in turn spawned the idea 
that gp41 conformational intermediates might serve as targets for 
HIV-neutralizing antibodies (9). These intermediates have never- 
theless proved very difficult targets: despite reports of polyclonal 
neutralizing antibodies possibly directed at such structures (28, 29), 
until now there have been no examples of a defined antibody that 
unambiguously blocks normal HIV infection by binding to the gp41 
prehairpin intermediate. Some have speculated that the HR1 
coiled-coil region may not be accessible to proteins as large as an 
IgG (30), and some data may bolster that view (31). 

We have now shown that an epitope overlapping the HR1 
hydrophobic pocket can be accessed by a human IgGl molecule, 
and that D5-IgGl binding to that epitope can block HIV infection. 
We have reached this conclusion by a series of experiments that 
include: (/) Observation of direct binding of D5 to the C-terminal 
17 amino acids of HR1; (ii) inhibition of D5 binding by peptides that 
occupy the hydrophobic pocket; (Hi) disruption of D5-IgGl binding 
to N17 by mutation of pocket-forming residues; (iv) observation of 
D5-IgGl binding to the hydrophobic pocket of 5H by 2D NMR; and 
(v) demonstration that mutation of key pocket residues of gp41 on 
HIV virions confers resistance to neutralization by D5. 

The gp41 hydrophobic pocket was previously proposed as an 
important target to inhibit viral fusion (24), a concept subsequently 
confirmed by several studies. In one study, cyclic D-peptides iden- 
tified by mirror-image phage display blocked HIV entry and were 
shown by x-ray crystallography to bind the hydrophobic pocket (9). 
The most potent peptide in this series, D10-p5-2K, competes with 
D5 mAb for binding to 5H (Fig. IB), and the surface of IQN17 in 
contact with another member of this peptide series (DIO-pl) is 
shown in Fig. 4B Right (9). In a second study, constrained peptides 
of similar size, but featuring the natural pocket-binding sequence of 
HR2, were also shown to inhibit HIV-1 entry, and an x-ray crystal 
costructure confirmed that the peptides bound to the hydrophobic 
pocket (32). In a third study, inhibitors were selected from a biased 
combinatorial library of nonnatural binding elements fused to a 
peptide corresponding to HR2 amino acids 636-653, residues 
immediately adjacent to the pocket-binding residues (33). The best 
binders were able to inhibit cell fusion mediated by HIV envelope 
glycoproteins, and the x-ray structure of one compound 
(C7Mn34Mn42) showed that it bound to the same surface on the 
HR1 trimer (Fig. 45 Center) (34). 

The D5-binding surface on gp41 HR1 as defined in the present 
study is depicted in Fig. 4B Left. Comparison with the surface bound 
by the above inhibitors shows a striking conservation of the 
core-binding residues. The difference observed in the shape of the 
three complexes is consistent with the notion that protein-binding 
sites can be highly adaptive, the specific shape and size of the 
contact surface being defined by the ligand (35). Although we 
cannot formally extend this comparison to small-molecule inhibi- 
tors, for lack of structural data, several reports have appeared of 
compounds putatively targeting the hydrophobic pocket and dis- 
playing fusion-inhibitory activity. 

We conclude that the hydrophobic pocket in the inner coil of 
gp41, which was already recognized as a common binding solution 
for peptide (9) and peptidomimetic (32-34) fusion inhibitors, also 
represents the binding site for a neutralizing antibody. A small 
complementary set of contact residues that contributes the majority 
of the binding energy within a larger protein-protein interface is 
increasingly being recognized in a variety of protein-protein inter- 
actions and has been termed a "hot spot" (36). The privileged 
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nature of the gp41 HR1 hydrophobic pocket qualifies it as a "hot 
spot" for fusion inhibition. 

D5-lgGl inhibits infectiviry of a diverse range of HIV isolates 
(Table 2), including viruses from different subtypes and viruses with 
reduced sensitivity to other entry inhibitors such as T20 and the 
broadly neutralizing antibodies TgGlbl2 and 2F5. However, D5 
IgG is much less potent than the latter antibodies. Indeed, because 
of the lower potency, we may have underestimated the breadth of 
isolates that are sensitive to it, because there is a limit to the 
concentration of antibody achievable in the antiviral assays. In this 
study, the peptide entry inhibitor T20 neutralized all of the 19 
viruses tested. Because D5 IgG inhibits viral fusion by a T20-like 
mechanism and targets a conserved epitope, it seems reasonable to 
expect a wider neutralization profile than the current data suggest. 
To address this question, as well as to answer questions important 
for vaccine development, we are attempting to select more potent 
neutralizing antibodies directed at this epitope using modern in vitro 
antibody evolution methods (37). Given the extremely conserved 
nature of the D5 epitope, an extraordinarily potent variant of D5, 
if identified, may represent an attractive therapeutic agent for the 
treatment of HIV infection. 

By a variety of criteria, D5 is different from all other broadly 
neutralizing anti-HIV monoclonal antibodies reported to date, 
most of which were derived from HIV-infected subjects (reviewed 
in ref. 29). D5 was derived from B cells of HlV-narve subjects and 
has not been subject to extensive somatic hypermutation, with only 
seven non-complementarity-determining regions (CDR) amino 
acid changes from germ line sequences (four changes in Vh and 
three in V L ; data not shown). Unlike b!2, 2F5, and 4E10, D5 does 
not have an atypically long heavy chain CDR3 region (10 amino 
acids; data not shown). Unlike 2G12, D5 does not require a 
"domain-swapped" structure for neutralization (data not shown). 
Unlike X5, D5 retains antiviral activity against primary HIV 
isolates when converted to an IgGl format. Finally, and most 
importantly, D5 was selected by binding to IZN36 and 5H, synthetic 
antigens with well defined structures. 
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The ability of IZN36 and 5H to select a neutralizing antibody 
immediately suggests they might serve as vaccine candidates. In 
experimental animals including rhesus macaques, both structures 
have repeatedly elicited high- titer nonneutralizing antibodies (data 
not shown). The reason these antibodies fail to neutralize HIV is 
unknown; perhaps the polyclonal antibodies are present in insuf- 
ficient quantity, have affinities that are too low, or are directed at 
irrelevant epitopes. In this regard, we have found other human and 
mouse antibodies that bind to 5H and/or IZN36 but do not block 
HIV infection; four such mouse antibodies all bind to physiologi- 
cally irrelevant structures not present in native gp41, such as the 
ends of the synthetic antigens (unpublished work). D5 ? s ability to 
inhibit HIV infection probably derives from its ability to bind a 
physiologically relevant epitope with high affinity. . 

Therefore, although IZN36 and 5H do contain the D5-IgGl 
epitope as present in the authentic gp41 structure on virions, these 
structures are still not ideal immunogens. With D5-IgG as a 
yardstick, we can now evaluate the epitope structures of new 
candidate immunogens that might elicit a more powerful neutral- 
izing antibody response. The identification of a new neutralizing 
epitope on gp41, the accessibility of that epitope to an IgG 
molecule, and the ability to mimic that epitope on designed antigens 
all provide new hope for HIV vaccine designs aimed at eliciting 
neutralizing antibodies. 
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patent granted on the instant application that would extend to the expiration date of the full 
statutory term as defined in 35 ILS.C 1 54 to 1 56 and 1 73 of the prior patent, as presently 
shortened by any terminal disclaimer in the event that it later: expires for failure to pay a 
maintenance fee, is held unenforceable, is found invalid by a court of competent jurisdiction, is 
statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims 
cancelled by a reexamination certificate, is reissued, or is in any manner terminated prior to the 
expiration of its full statutory term as presently shortened by any terminal disclaimer. 

The terminal disclaimer fee under 37 CFR 1.20(d) is enclosed. 

The undersigned is empowered to act on behalf of the owner. 



Filed: 



October 7, 2003 



Confirmation No.: 



7931 



For: 



CORE STRUCTURE OF GP41 FROM THE HIV 
ENVELOPE GLYCOPROTEIN 





Typed or printed name 



Name of Corporation 



COPY 

Docket No, 0399.1167-007 



STATEMENT UNDER 37 CFR S 373(b) 
Applicant/Patentee: David C. Chan. Deborah Fass, Min Liu James M. Berper and Peter S, Kim 



Applicaiion Nonpatent No.: 10/680.B53 Filed on Date: October 7. 2QQ3 

For: Core Structure of At*] from the HIV Envelope Glycoprotein 

Whitehead Institute for Biomedical Research ,a Corporation 

(Nome of Assignee) Type of Asignoe, e.g., ecrpoTBlion, panneryhip, unJ vcraiiy. govtmmem agency, etc.) 

states that ic is 

A. [§] the assignee of the entire right, title and interest in the patent application identified above; or 

B. □ an assignee together with [ ] of the entire right, title and interest in the patent application identified 

above. 

The right, title and interest of the above-named assignee in the patent application identified above is established by 
virtue of: 

A. D An assignment from the inventors) of the patent application identified above. The assignment was recorded 

in the Patent and Trademark Office at Reel [ ], Frame [ ] ( or a copy thereof is attached. 

OR 

B. 13 A chain of d tie from the inventors) of the patent application identified above, to the current assignee as 

shown below! 

L Pram.-David C. Chan, Deborah Fass. Min Lu and James M. Berger 

To: Whitehead Institute for Biomedical Research 

The document was recorded in the United States Patent and Trademark Office at 

Reel [ ] , Frame f 1 , or a copy thereof is attached. 

2. From: Peter S. Kim To: Howard Hughes Medical Institute 

The document wa6 recorded in the United States Patent and Trademark; Office at 

Reel T 1 . Frame f ] , or a copy thereof is attached, 

3. From: Howard Hughes Medical Institute To: Whitehead Institute for Biomedical Research 
The document was recorded in the United States Patent and Trademark Office at 

Reel f 1 , Frame f 1 , or a copy thereof is attached, 

□ Additional documents in the chain of title are listed on a supplemental sheet 

As required by 37 CFR 3.73(b)(l)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee, 

Signature ^//fl/fl^ ^ AlM&l \ 

Name: fcftfWctfl £, S\Z^A 

Title:. 



Daie:_ 

73992PJ 
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Docket No. 0399,0146-000 
ASSIGNMENT OF UNITED STATES PATENTS AND PATENT APPLICATIONS 



WHEREAS, we, David C. 
(hereinafter ^ASSIGNORS' 1 ), to 
improvement in Core Structure o 
United States Patents and Patent 
a pan hereof (hereinafter "Patents 



Chan, Deborah Fass, Min Lu, James M. Berger 

gether with co-inventor Peter S. Kim, have invented a certain 
gp41 from the HIV Envelope Glycoprotein described in 
Applications described in Schedule A attached hereto and made 
jmd Patent Applications"). 



WHEREAS, Whitehead 
"ASSIGNEE"), a corporation org; 
and having a usual place of business 
02142 desires to acquire the entire 
Applications. 



COPY 



Institute for Biomedical Research (hereinafter 
apized and existing under the laws of the State of Delaware, 
at Nine Cambridge Center, Cambridge, Massachusetts 

right, title and interest in and to the Patents and Patent 



NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements aid of other good and valuable consideration, the receipt of 
which is hereby acknowledged, ASSIGNORS have sold, assigned and transferred and by these 
presents do hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and 
legal representatives, our entire right, title and interest in and throughout the United States of 
America, its territories and all foreign countries, in and to said. invention as described in said 
Patents and Patent Applications, together with ASSIGNORS entire right, title and interest in and 
to said Patents and Patent Applications and such Patents as may issue on said Patent 
Applications; said Patents and Patent Applications to be held and enjoyed by said ASSIGNEE 
for its own use and behalf and for its successors, assigns and legal representatives, to the full end 
of the term for which said Patents lire granted as fully and entirely as the same would have been 
held by ASSIGNORS had this assignment and sale not been made; ASSIGNORS hereby convey 
all rights arising under or pursuant to "any and all international agreements, treaties or laws 
relating to the protection of industrial property by filing any such applications for Patents. 
ASSIGNORS hereby acknowledge: that this assignment, being of our entire right, title and 
interest in and to said Patents and Patent Applications carries with it the right in ASSIGNEE to 
apply for and obtain from competent authorities in all countries of the world any and all Patents 
by attorneys and agents of ASSIGNEE'S selection and the right to procure the grant of all such 
Patents to ASSIGNEE for its own aame as assignee of the entire right, title and interest therein; 
ASSIGNORS hereby expressly authorize the filing of an International Patent Application under 
the Patent Cooperation Treaty which corresponds to and claims the priority of the Patents and 
Patent Applications; 



deemed 



its 



AND, ASSIGNORS hereby 
administrators to execute upon req 
other lawful acts which may be 
Applications to said ASSIGNEE, i 
their expense and charges, includin, 
countries, and the execution of any 
or continuation applications, and 
any interference or other proceeding 
thereto may be involved; 



further agree for ourselves and our executors and 
jest any other lawful documents and likewise to perform any 
necessary to secure fully the aforesaid Patents and Patent 
successors, assigns and legal representatives, but at its or 
g the execution of applications for patents in foreign 
further applications including substitution, reissue, divisional 
iminary or other statements and the giving of testimony in 
in which said invention or any application or patent directed 



prel: 



Aug-10-2007 Q5 : 1 1 pm From-BROAD CffiSgt^^p^ble Copy 




AND, ASSIGNORS do hereby 
of Patents of The Uniied States to i 
Applications to said ASSIGNEE, i 



authorize 
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and request each Patent Office and the Commissioner 
issue such Patent as shall be granted upon said Patent 
s successors, assigns, and legal representatives. 



IN TESTIMONY WHEREjDF, ASSIGNORS have hereunto set our hands and affixed our 
seals the date set forth below. 



Inventor's Signature: 




State/Comm onwealxh 
of Ca\'< £enn/v;n 
County of los fo^g \ 

On this 1 0 day of A^?4- 



20o5before me, the undersigned notary public, personally 



(SEAL) 

1 ^±£^ Commlwton # 1 509028 j| 




Notary Puttk: • CoSfomta % 
Lot Angeles County f 
My Comm. Expfce* Aug 21 , 200*1 



i C, Chan 



appeared David C. Chan 
Q^perTonally known to me, or 

j~| proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me that he signed the foregoing instrument as the free act and deed, 




Notary Public kuJ^vdU \f>v . Po \ la cA - fW 



C T ^ 0 m P/>1U^~ yiAu Jock May Pterin: name) 
My Commission expires OS / 3lI I Qoo S 
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Inventor's Signature: 



Deborah Fass 



State/Commonwealth 

of 

County of 



On this 



dav of 



i0_, before me, the undersigned notary public, personally 



appeared Deborah Fass 
I I personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 



to be the person whose name was 
acknowledged to me that she signed 

(SEAL) 



^igned on the foregoing instrument in my presence, and 
the foregoing instrument as the free act and deed. 

Notary Public 



.(print name) 



My Commission expires / / 



Aug-10-2007 05:12pm From-BROAD CEPS#*B4>0t9Slia b I e Copy 
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Inventor's Signature:. 



Min Lu 



State/Commonwealth 

of 

County of 



On this 



day of. 
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20^, before me, the undersigned notary public, personally 



appeared Min Lu 
| I personally known to me, or 
I I proved to me through satisfactdry evidence of identification, which was 



to be the person whose name was 
acknowledged to me that he/she si 

(SEAL) 



signed on the foregoing instrument in my presence, and 
ined the foregoing instrument as the free act and deed. 



Notary Public^ 



.(print name) 



My Commission expires / / 



Auff-lD-2007 05:12pm From-BROAD cP^^4?ble Copy 
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Inventor's Signature: 



James M. Berger 



State/Commonwealth 

of • 

County of 



On xhis 



day of. 



COPY 
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i0_, before me, the undersigned notary public, personally 



appeared James M. Berger 

□ personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 



to be the person whose name was < igned on the foregoing instrument in my presence, and 
acknowledged to me that he signed, the foregoing instrument as the free act and deed. 



(SEAL) 



Notary Public^ 



_(prini name) 



My Commission expires __/__/ 



Au«-I 0-2007 05:1 2pm FroirBROAO CS^&Vgti4?ble Copy . 62S3953826 T-472 P. 007/007 F-092 
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SCHEDULE A ^ A ' 

COPY 

SflTED STATES PATENTS 


APPLICATION 
NO. 


PATENT NO, 




ISSUE DATE 


TITLE 


ATTORNEY 
DOCKET NO. 


09/062,241 


6,150,088 




November 21, 
2000 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-001 


09/484,925 


6,506,554 Bl 




January 14, 
2003 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-005 


UNITED I 


STATES PATENT APPLICATIONS 


APPLICATION 
NO. 


FILING 
DATE 




TITLE 


ATTORNEY 
DOCKET NO 


60/043,280 


April 17, 
1997 




Core Structure of gp41 from the 
HIV Envelope Glycoprotein 


0399.1167-000 


10/200,007 


July 18,20( 


)2 


Core Structure of gp41 from the 
HIV Envelope Glycoprotein 


0399.1167-006 


10/680,853 


October 7, 
2003 




Core Structure of gp41 from the 
HIV Envelope Glycoprotein 


0399.1167-007 
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ASSIGNMENT OF UNITED STATES: PATENTS AMD PATENT APPLICATIONS : .' 

W1JEREAS. we ? David C Chan, Deborah Pass, JVtin Lu, James Bcrgflfr, together 

will co-inventor Peter S. Kim, have .invented a certain implravenicii! uv pf gp|l c I 

from the HIV Envelope Glycoprotein described in United Stares Piatonts ; arid : ';Paton:f •• 1 

Applications described. in Schedule A attached hereto^ and riiade a part-hereof fhereiriiaf ter | 

"Patents arid Patent Applications")/ •: j 

; WHEREAS, Vtoiftftfcad-^ ; . . 

a ASSIGNEE 1 *), a corporation organized and existing itoder tide laws ofiihe & tnii af $p$\iw*?t . • 1 

and havihgia usual place of business ac Nine Cumtindgc Gmlei%X4tnbin^ : ■ 

02142 desires to acquire the entire-right, ride md interest in andto the Patdajts ':fiifl)P|l«M : ■ ' 1 • ! ' : ' ■ 

Applications. ..* !'."■' "j 

i N^W, THE^ ''[' \ j 

consideration, of said agreements aiitf of other good and valuable 001551 derstoaa^the; mm^t of : ■ j 

which is hdreby acknowledged, vretaive soldi assigned Janet transferred:^^ * ' [ 

hereby sell] assign and tiraiuftf linto said AS'SfG'NSE^its successors; 'asslgM''^di;k^l^^':' •' ' i 

representatives, our entire right, title and interest in arid throughout the United States; . of Amw-ci^ • I 

its territories and all foreign counties, in and tq Sfiui-I invention as clescrihd^m ^j^PAnj^^ftd ; : : 1 

Patent.AppJications, together ^'ith our entire right:, title ;and; inlei'es t- iji ivp.d;; ;6o : -Said : ; E^C^ftf^ : ' , '•» • ' ; : . [■ 

Patent Applications and s<ich Patents as. may issue on said PphpntAppEte^ . ! 

Patent Applications to be. j' : ■ \ 

for its successors, assigns ; and legal representatives; to ■"■ , j 
Patents are.;granted as ful'iy and entirely as the same would haye heen heldi^y Hirlv^jftfar •• 

assignment; and sale not been' made.; \ve hereby' convey all rights arising under or. ptuisqanfr to my- , . ' • 

and all. international agreements, treaties or lav/s relating to the-prbteraori-^ • • j 

by filing any such: applications foe Patents. We.hereby acknowledge, thattiijjs a^sigari^i-f, : bei r^ r ; . . : | 

of our entire right, title und interest in and to said -Patejits and Patent Apprica^hs^ftan^-^^ it- ■ s • ! 

the right in; ASSIGNEE to apply (W aind obfrdn fn^ t j 

world any and all Patents: by attorneys and agents of ASSIGNEE'S . selection: ctn&ihc Agifa'to-.- : . j 

procure th£ gifl.nl of all siich'.Patents.to ASSIGNEE for its own name -as assignee of t^e:;m.irc ' ■ . . . j 

right, title and interest therein; I hereby expressly ttuchoruef he' tiling ■ ' j 

Application under the Patent-Cooperation Treaty which c.orrospbiuisto ■ and : clnii3:ti9 the pnpflry <jf . . ' [ 

the Piitentsiund Patent Applications;. "j 
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AND, we hereby further agree for ourselves and our executors and administrators to 
■ execute upon request any other'lawfuJ documents and likewise to perform any other lawful acts 
which may be deemed necessary to secure fuJIy the aforesaid Patents and Patent Applications to 
said ASSIGNEE, its successors, assigns and legal representatives, but at its or their expense and 
charges, including the execution, of applications for patents in foreign countries, and the 
execution of any further applications including substitution, reissue, divisional or continuation 
applications, and preliminary or other statements and the giving of testimony in any interference 
or other proceeding in which said invention or any application or patent directed thereto may be 
involved; 

AND, we do hereby authorize and request each Patent Office and the Commissioner of Patents 
of the United States to issue such Patent as shall be granted upon said Patent Applications to said 
ASSIGNEE, its successors, assigns, and legal representatives. 



Inventor 




Date 8/&I'2jDO'} 



Address Me M a \\V£r ? 




Witness Signature ^ i^Aj __ 

Print Witness Name M Qj q &<*r 

Address fWod^v^ <t~~ fe^ovor ; fSPLA € ( 





I U / 



■J — ,. . 




Pocket 03-&S : ^l 



IN TESTIMONY Wi-JEREOF, 
date set forth below. . ! . ; ; 



Inventor's Signature:. 



..l&avid-C. Chan 



State/CoTTiTTionweakh 
of • 
County of 



ji-20i_ f befoce;ine,:the undersigned ridtqiy puWiq^peiiori^ty; '[ 



On this . day of , 
appeared David C. Chan ; 

O personally knfcvvrr to. rixc, or j* ■■ , ' . :> : | ; 

□ proved to mc through satisfactory evidence off -isderiti ficatifcm, whicE was , 



to be Lhe person whose name was signed on the foregoing lostrurneHm ^ty'jreaenee] jirpd , 
acknowledged to me that he sighed'ths foregoing;^ &&i^>d^&"'t '] • 



(SEAL) 



Notarv Public 



• My •ChmfnisiiioiV empires : 



ti r 
It' ,". • 



-" r r 'i 



08-HUli-^ldldY hKUH b I KUL I UKHL tSlULUUT 



iu /err — id r^-r^H-meix^ rao r.ta^; 
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lew entor's Signature:, 



Statc/CommonwealtH . 
of_ : : 

County of 



Mm. Ln- 



, 20., before m6- !tlie..uridersi : gried not^y^wpitc;; p^rgdn^liy: 



On this •' . day of 

appeared Lp 

personally known! to. me,, or • ; : ; ; !" 

Q proved LO: me througlvsarisxacion' evidence oflid^nti^cauon. whic&wsi^ !■ 



10 he the person whose lupffe was signed on the fojiiegoirig instrument :i'rl n*yfpretence, ;an(l.| 
acknowledged to mc thaihe/shc signed tfic ^rcgo|in^inj3t]^ineni as t>jid! 1^^^ dt^^idegd, | 



(SEAL) 



Public 



„■ sprint n*iite) 



j,$auhjs$ioa expire^ ; j ; : \ : / _ ; l " ■ ■ j 



.1 : ■ " -f:--!-:*;'.- 
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Docket No. 0399.0146-000 
ASSIGNMENT OF UNITED STATES PATENTS AND PATENT APPLICATIONS 



WHEREAS, we, David C Chan, Deborah Fass, Min Lu, James M. Berger 

(hereinafter "ASSIGNORS"), together with co-inventor Peter S. Kim, have invented a certain 
improvement in Core Structure of gp41 from the HIV Envelope Glycoprotein described in 
United States Patents and Patent Applications described in Schedule A attached hereto and made 
a part hereof (hereinafter "Patents and Patent Applications"). 

WHEREAS, Whitehead Institute for Biomedical Research (hereinafter 
"ASSIGNEE"), a corporation organized and existing under the laws of the State of Delaware, 
and having a usual place of business at Nine Cambridge Center, Cambridge, Massachusetts 
02142 desires to acquire the entire right, title and interest in and to the Patents and Patent 
Applications. 

NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, ASSIGNORS have sold, assigned and transferred and by these 
presents do hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and 
legal representatives, our entire right, title and interest in and throughout the United States of 
America, its territories and all foreign countries, in and to said invention as described in said 
Patents and Patent Applications, together with ASSIGNORS entire right, title and interest in and 
to said Patents and Patent Applications and such Patents as may issue on said Patent 
Applications; said Patents and Patent Applications to be held and enjoyed by said ASSIGNEE 
for its own use and behalf and for its successors, assigns and legal representatives, to the full end 
of the term for which said Patents are granted as fully and entirely as the same would have been 
held by ASSIGNORS had this assignment and sale not been made; ASSIGNORS hereby convey 
all rights arising under or pursuant to any and all international agreements, treaties or laws 
relating to the protection of industrial property by filing any such applications for Patents. 
ASSIGNORS hereby acknowledge that this assignment, being .of our entire right, title and 
interest in and to said Patents and Patent Applications carries with it the right in ASSIGNEE to 
. apply for and obtain from competent authorities in all countries of the world any and all Patents 
by attorneys and agents of ASSIGNEE'S selection and the right to procure the grant of all such 
Patents to ASSIGNEE for its own name as assignee of the entire right, title and interest therein; 
ASSIGNORS hereby expressly authorize the filing of an International Patent Application under 
the Patent Cooperation Treaty which corresponds to and claims the priority of the Patents and 
Patent Applications; 

AND, ASSIGNORS hereby further agree for ourselves and our executors and 
administrators to execute upon request any other lawful documents and likewise to perform any 
other lawful acts which may be deemed necessary to secure fully the aforesaid Patents and Patent 
Applications to said ASSIGNEE, its successors, assigns and legal representatives, but at" its or 
their expense and charges, including the execution of applications for patents in foreign 
countries, and the execution of any further applications including substitution, reissue, divisional 
or continuation applications, and preliminary or other statements and the giving of testimony in 
any interference or other proceeding in which said invention or any application or patent directed 
thereto may be involved; 
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AND, ASSIGNORS do hereby authorize and request each Patent Office and the Commissioner 
of Patents of the United States to issue such Patent as shall be granted upon said Patent 
Applications to said ASSIGNEE, its successors, assigns, and legal representatives. 

IN TESTIMONY WHEREOF, ASSIGNORS have hereunto set our hands and affixed our 
seals the date set forth below. 



Inventor's Signature: 

David C. Chan 

S tate/C omm on wealth 

of 

County of 

On this day of 20_, before me, the undersigned notary public, personally 

appeared David C. Chan 

I I personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was ' 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me that he signed the foregoing instrument as the free act and deed. 

(SEAL) Notary Public 

(print name) 



My Commission expires / / 
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Inventor's Signature: 

Deborah Fass 

State/Commonwealth 
of 

County of 

On this day of 20_, before me, the undersigned notary public, personally 

appeared Deborah Fass 

PI personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me that she signed the foregoing instrument as the free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 
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Inventor's Signature: 

Min Lu 

State/Commonwealth 
of kj o^j toe ^- 

County of ^Wf° e ^ 

On this ^ day of Auqosrl 20QjSbefore me, the undersigned notary public, personally 
appeared Min Lu 

I I personally known to me, or 

^fcproved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presenc^and 
acknowledged to me that he/she signed the foregoing instrument asjhe free act 



(SEAL) Notary Pubh'c 




.(print name) 

Notary pubHc, state of New Yorfe y\y Commission expires 0 1 / Q^ / ^QO yi 

NO.01BA6121027 J r 

Qualified in New York County 
Commission Expires January 03, 20©C{ 
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Inventor's Signature: 

James M. Berger 

State/Commonwealth 

of 

County of 

On this day of 20_, before me, the undersigned notary public, personally 

appeared James M. Berger 

Q personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me- that he signed the foregoing instrument as the free act and deed. 

(SEAL) Notary Public 

(print name) 



My Commission expires / / 
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SCHEDULE A 



UNITED STATES PATENTS 



APPLICATION 

fNU. 


PATENT NO. 


ISSUE DATE 


TITLE 


ATTORNEY 

/~\ /T T S"Y~* HP XT /""\ 

DOCKET NO. 


09/062,241 


6,150,088 


November 2 1 , 
2000 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-001 


09/484,925 


6,506,554 Bl 


January 14, 
2003 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-005 



UNITED STATES PATENT APPLICATIONS 



APPLICATION 
NO. 


FILING 
DATE 


TITLE 


ATTORNEY 
DOCKET NO 


60/043,280 


April 17, . 
1997 


Core Structure of gp41 from the • 
HIV Envelope Glycoprotein 


0399.1167-000 


10/200,007 


July 18,2002 


Core Structure of gp41 from the 
HIV Envelope Glycoprotein 


0399.1167-006 


10/680,853 


October 7, 
2003 


Core Structure of gp41 from the 
HIV Envelope Glycoprotein 


0399.1167-007 
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ASSIGNMENT OF UNITED STATES PATENTS AND PATENT APPLICATIONS 

WHEREAS, we, David C. Chan, Deborah Fass, Min La, James M. Berger, together 
with co-inventor Peter S. Kim, have invented a certain improvement in Core Structure of gp41 
from the HIV Envelope Glycoprotein described in United States Patents and Patent 
Applications described in Schedule A attached hereto and made a part hereof (hereinafter 
"Patents and Patent Applications"). 

WHEREAS, Whitehead Institute for Biomedical Research (hereinafter 
"ASSIGNEE"), a corporation organized and existing under the laws of the State of Delaware, 
and having a usual place of business at Nine Cambridge Center, Cambridge, Massachusetts 
02142 desh-es to acquire the entire right, title and interest in and to the Patents and Patent 
Applications. 

NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, we have sold, assigned and transferred and by these presents do 
hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and legal 
representatives, our entire right, title and interest in and throughout the United States of America, 
its territories and all foreign countries, in and to said invention as described in said Patents and 
Patent Applications, together with our entire right, title and interest in and to said Patents and 
Patent Applications and such Patents as may issue on said Patent Applications; said Patents and 
Patent Applications to be held and enjoyed by said ASSIGNEE for its own use and behalf and 
for its successors, assigns and legal representatives, to the full end of the term for which said 
Patents are granted as fully and entirely as the same would have been held by us had this 
assignment and sale not been made; we hereby convey all rights arising under or pursuant to any 
and all international agreements, treaties or laws relating to the protection of industrial property 
by filing any such applications for Patents. We hereby acknowledge that this assignment, being 
of our entire right, title and interest in and to said Patents and Patent Applications carries with it 
the right in ASSIGNEE to apply for and obtain from competent authorities in all countries of the 
world any and all Patents by attorneys and agents of ASSIGNEE'S selection and the right to 
procure the grant of all such Patents to ASSIGNEE for its own name as assignee of the entire 
right, title and interest therein; I hereby expressly authorize the filing of an International Patent 
Application under the Patent Cooperation Treaty which corresponds to and claims the priority of 
the Patents and Patent Applications; 
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AND, we hereby further agree for ourselves and our executors and administrators to 
execute upon request any other lawful documents and likewise to perform any other lawful acts 
which may be deemed necessary to secure fully the aforesaid Patents and Patent Applications to 
said ASSIGNEE, its successors, assigns and legal representatives, but at its or their expense and 
charges, including the execution of applications for patents in foreign countries, and the 
execution of any further applications including substitution, reissue, divisional or continuation 
applications, and preliminary or other statements and the giving of testimony in any interference 
or other proceeding in which said invention or any application or patent directed thereto may be 
involved; 

AND, we do hereby authorize and request each Patent Office and the Commissioner of Patents 
of the United States to issue such Patent as shall be granted upon said Patent Applications to said 
ASSIGNEE, its successors, assigns, and legal representatives. 



Inventor_ . Date. 

Deborah Fass 

Address 



Witness Signature_ 
Print Witness Name 
Address 



Witness Signature_ 
Print Witness Name. 
Address 
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IN TESTIMONY WHEREOF, we have hereunto set our hands and affixed our seals the 
date set forth below. 



Inventor's Signature:. 

David C Chan 

State/Commonwealth 

of_ 

County of 



On this day of 20_, before me, the undersigned notary public, personally 

appeared David C. Chan 

fl personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me that he signed the foregoing instrument as the free act and deed. 

(SEAL) Notary Public 



P . 4 



_(print name) 



My Commission expires / / 
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Inventor's Signature:^ . 

Min Lu 

State/Commonwealth 

of 

County of 

On this day of 20^ before me, the undersigned notary public, personally 

appeared Min Lu 

I | personally known to me, or 

□ proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged to me that he/she signed the foregoing instrument as the free act and deed, 

(SEAL) . Notary Public 

(print name) 



Aug 13 07 09: 06jo 



My Commission expires / / 
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Inventor 




Date ^' 13 $± 



Tames M. Berger 
Address 



Witness Signature ^^f^^O 

Print Witness Name ^' £&2±l£ A' Z T t¥rt S 




Address ££££^ Ze- >0>y ' C±l l£±2l 



Witness Signature^ 



Print Witness Name C^r^ 
Address 1&*ST 5*,A- f V. A 



~77 
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UNITED STATES PATENTS 



APPLICATION 
NO. 


PATENT NO. 


ISSUE DATE 


TITLE 


ATTORNEY 
DOCKET NO. 


09/062,241 


6,150,088 


November 21, 
2000 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-001 


09/484,925 


6,506,554 Bl 


January 14, 
2003 


Core Structure of 
gp41 from the HIV 
Envelope 
Glycoprotein 


0399.1167-005 



UNITED STATES PATENT APPLICATIONS 



APPLICATION 
NO. 


FILING 
DATE 


TITLE 


ATTORNEY 
DOCKET NO 


60/043,280 


April 17, 
1997 


Core Structure of gp41 from the 
HTV Envelope Glycoprotein 


0399.1167-000 


10/200,007 


July 18,2002 


Core Structure of gp41 from the 
HTV Envelope Glycoprotein 


0399.1167-006 


10/680,853 


October 7, 
2003 


Core Structure of gp41 from the 
HTV Envelope Glycoprotein 


0399.1167-007 
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ASSIGNMENT 



Assignment made tfUw ^ 20/jby Peter S. Kim, PhD [Inactive] 
('Inventor") to the Howard Hughes Medical Institute, a Delaware corporation (the "Institute"). 

Recitals 

WHEREAS, Inventor was an employee of the Institute and, as a condition of his 
employment, has signed the Agreement appended to the Institute's Policy on Intellectual 
Property (the "Intellectual Property Agreement"); 

WHEREAS, pursuant to the Intellectual Property Agreement, Inventor has agreed 
(a) to assign to the Institute all rights he may acquire in any invention, discovery, improvement, 
or other intellectual property, whether or not patentable or copyrightable, developed directly or 
indirectly as a result of a program of research financed by Institute funds or funds under the 
control of the Institute (each a "Subject Property") and (b) to execute any agreements that may 
be desired by the Institute in connection with such assignment; 

WHEREAS, Inventor has, alone or with others invented "Core Structure of gp41 
from the HIV Envelope Glycoprotein" which may be the subject of a patent application (the 
"Invention"), and the Invention is a Subject Property; and 

WHEREAS, Inventor seeks to make a formal assignment of his interest in the 
Invention to the Institute, and the Institute desires the execution of a formal assignment of all of 
Inventor's right, title, and interest in the Invention. 

NOW, THEREFORE, in consideration of the promises contained in and the acts 
performed and to be performed pursuant to the Intellectual Property Agreement and of other 
good and valuable consideration, the receipt of which is hereby acknowledged by Inventor, 
Inventor agrees as follows: 

1. Assignment . Inventor hereby assigns to the Institute his entire right, title, 
and interest in the Invention; any United State patent applications and all corresponding foreign 
patent applications which are directed to the Invention, including, without limitation, the patent 
applications listed in Exhibit A (each an "Invention" and collectively the "Inventions"), and any 
and all patents issued therefrom; all United States or foreign division and continuation 
applications based on any of the foregoing, and any and all patents issued therefrom; and all 
claims which are directed to the Invention and which may be contained in continuation-in-part 
applications or in patents which- issue therefrom. 

2. Cooperation . Inventor agrees to execute upon request such further 
assignments, documents, and other instruments as may be necessary or desirable to assign 
Inventor's entire right, title and interest in the Invention to the Institute and to assist the Institute 
(or others at the direction of the Institute) in applying for, obtaining, and enforcing patents, * 
copyrights, or other rights in the United States and in any foreign country with respect to the 
Invention. 



T0"d IdiOl 



3. Parties , The terms and provisions of the Assignment shall Inure to the 
benefiL of the Institute and its successors and assigns and shall be binding on the Inventor and his 
heirs, personal representatives and assigns. 

4. Warranty , Inventor warrants and represents that he has not entered into 
any assignment, contract, or understanding in conflict herewith, and that there is no other person 
or entity whose consent is required in order for the Inventprtosmake the assignment contained 
herein, 



Inventor 



Peter S. Kim, PhD 

State of ^WW^rfuft- 
County of . 

Then personally appeared before me the above-named Peter S. Kim, PhD and 
acknowledged that he executed the foregoing instrument in his authorized capacity this \ff W iay 
of #| ,20&?- 

Notary Public: 



(SEAL) 











(print narae^ 







l 

My Commission Expires: ; 



WWWroSuO STATE OF MARYLAND 
My Commission Expires May 1 . 2008 



MIT: 7684W 
WHI97-07 
HHMI: 97-1018 



JRS5H00J 



10/TFVrl 



Peter S. Kim PhD 
Howard Hughes Medical Institute 
File: 1997-1018 . 



EXHIBIT A 



App. No. 


Patent Title 


App. Date 








60/043,280 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


4/17/1997 








09/062,241 


Core Structure of gp41 from the HTV Envelope Glycoprotein 


4/17/1998 








09/484,925 


Core Structure of gp41 from the HrV Envelope Glycoprotein 


1/18/2000 








10/200,007 


Core Structure of gp41 from the HTV Envelope Glycoprotein 


7/18/2002 








10/680,853 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


10/7/2003 



18558901 



ASSIGNMENT 



Assignment made by the Howard Hughes Medical Institute, a Delaware 
corporation (the 'Institute"), to the Whitehead Institute for Biomedical Research ("WIBR"). 

WHEREAS, the Institute and WEBR collaborate in the active conduct of medical 
research pursuant to an agreement between them dated as of February 1, 1988 (the 
"Agreement"); 

WHEREAS, pursuant to the Agreement, the Institute has agreed to assign to 
WIBR the Institute's rights with respect to inventions, discoveries, improvements, and other 
intellectual property, whether patentable or copyrightable (each a "Subject Property"), conceived 
or reduced to practice in the course of the research program conducted under the Agreement by 
employees of the Institute; and 

WHEREAS, research conducted pursuant to the Agreement by Peter S. Kim, PhD 
and Min Lu while employed by the Institute at WIBR has resulted in an invention entitled "Core 
Structure of gp41 from the HIV Envelope Glycoprotein" (the "Invention"), (including, without 
limitation, the patent applications listed in Exhibit A (each an "Invention" and collectively the 
"Inventions"), and each Invention is a subject property; 

NOW, THEREFORE, in consideration of the promises contained in and the acts 
performed and to be performed pursuant to the Agreement, the Institute hereby assigns to WIBR 
the entire right, title, and interest that the Institute has in the Invention by reason of the research 
program conducted at WIBR, in accordance with and subject to the terms and conditions of the 
Agreement. 



,. it\, 



Executed: ' ' v ^ &40Y_ 



HOWARD HUGHES MEDICAL INSTITUTE 



By: 



JaakJE. Dixon, PhD 

Vice President and Chief Scientific Officer 



ATTESTED: 

Craig A. Alexander f 

Vice President and General Counsel 
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Howard Hughes Medical Institute 
File: 1997-1018 



EXHIBIT A 



App. No. 


Patent Title 


App. Date 








60/043,280 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


4/17/1997 








09/062,241 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


4/17/1998 








09/484,925 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


1/18/2000 








10/200,007 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


7/18/2002 








10/680,853 


Core Structure of gp41 from the HIV Envelope Glycoprotein 


10/7/2003 
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